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Abstract 
The report presents the conformity problem of the structures amplitude-frequency characteristics. It discusses the experimental 
verification of such characteristics and methods of their mathematical simulation. It is shown that the use of Fourier transform in 
mathematical models cannot provide mathematical sufficiency display for a project to investigate the response of a building 
structure on mechanical shock loads. The study’s results presents the amplitude-frequency characteristics dependence on the 
duration of the trailing edge shock. Discussed nomograms presents this dependence for the main resonance vicinity of "object-
based" system. It is shown that the dynamic characteristics modeling with using of Laplace transform allows to achieve the 
necessary conformity of the structure dynamic model frequency representation. It is shown some examples of shock loads that can 
be described in the form of the Laplace transform basis elements.  
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1. Introduction. 
The project ensuring task of the construction objects dynamic stability is one of the most complex problems of 
structural mechanics.  
Currently the digital technologies are widely used in the project modeling, such as the software systems using finite 
element method (FEM). 
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However, in recent years a metrological reliability studies a number of digital technologies, including FEM, 
confirmed the presence of the fundamental difficulties by computer simulation of dynamic characteristics of buildings 
and structures [1-14].  
The dynamic error of the FEM shows the unacceptably high values, including the errors in the calculation of the 
basic resonant frequencies values as the whole structure of the building and its individual elements.  
The similar conclusions can be made about the correctness of using FEM to solve the problem, and to assess the 
damping logarithmic decrement value of structural and geodynamic resonances.  
In this article the finite element method dynamic error estimation executes the comparative analysis method of the 
amplitude frequency characteristic (FR) of the construction object obtained by the Fourier transform and transfer 
function obtained by Laplace transform.  
To ensure the specificity of the study results we will analyze the Fourier-image and Laplace-image of the object 
dynamic model in the main resonance vicinity. 
2. Modeling of amplitude-frequency characteristics of the object  
The neighborhood of the principal resonance of the dynamic properties of the object can be represented in the form 
of a mechanical oscillatory system with one resonance, for example in the form of a spring pendulum with mass M, 
damping coefficient and spring constant k, which under static loads obeys the equation of elastic deformation  
Fload=k*x, (1) 
where static coefficient of conversion (or the reaction of a spring pendulum on the static load) is equal to k=x/Fload 
. 
The equation of the system free vibrations will be as follows: 
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The amplitude-phase frequency characteristic of oscillatory mechanical system with one resonance can be 
represented by a complex function: 
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If 2ζ ≥ 1=2ζcrit, then the vibration resonance of the mechanical system degenerates in aperiodic link of the 
second order.  
That is, for example, with a sharp blow, fluctuations in the system will not, and the mechanical oscillatory system 
gradually returns to its original state. 
Using expression (2)÷( 4), amplitude frequency characteristic (FR) of the oscillating mechanical system can be 
represented in the form: 
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Phase frequency characteristic (PFR) vibration level  
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The inverse attenuation coefficient τ = [
1
 is called the attenuation constant, which is equal to the decay time of 
free of resonance oscillations, during which the amplitude decreases in e times. 
In practice, often used instead of the attenuation coefficient ζ, normalized by the resonance period Tрез, attenuation 
coefficient, which is called the damping ratio and equal α =
резT
[
. 
In the passports of dynamic characteristics of buildings and facilities required to specify obtained experimentally 
the value of the logarithmic decrement of damping, which is equal to 
рез
рез
T
d T[ W  .  (9) 
The inverse logarithmic damping decrement   is 
rezTd
W 1  equal to the number of cycles of oscillations, as a result 
of mechanical oscillatory system for a time equal to constant attenuation τ. 
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For plotting frequency response or the dependence of the modulus |K| of the frequency f and damping coefficient 
ζ, typically use a normalized coordinate system.  
For example, in the form of the dependence of the modulus |K| from normalized frequency 
 
рез
ff
f . (10) 
Plotting the frequency response in the normalized coordinate system allows you to perform conveniently the 
graphical calculations of the attenuation coefficients of the real mechanical oscillatory systems by comparing with the 
nomogram of the family of the calculated frequency response with different damping factors.  
For this experimental the frequency and the phase response are built in the same scale of frequencies and the 
reference calculation nomograms.  
In Fig.1 is a Nomogram of a frequency response family in the main resonance vicinity for k=10, and different 
values of attenuation coefficients with natural and a normalized frequency scale. 
The nomogram of a frequency response family in Fig.1 has a classic look when the resonant frequency decreases 
with the increase of the attenuation coefficient that is observed in the figure by the vertical dashed lines. 
3. Modeling the transfer function of the object  
Consider the dynamic model of the mechanical oscillatory system, built in the vicinity of the main resonance using 
Laplace transform. 
The dynamic model of such a system is a transfer function of the vibration level of the second order 
 
2 2( ) 2 1
  rez rez
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where s = jf + c, Trez =1/frez .  
The transfer functions modules family has a similar frequency response. Only instead of the imaginary variable jf, 
used complex variable s = jf + c 
2 2| ( ) | ( ) ( ) W s P s Q s . (12) 
The physical meaning of the constant c is illustrated in Fig.2, where it is shown that the constant c is the reciprocal 
value of the time constant of damping W basic elements of the Laplace transform, for example, in the form of a damped 
cosine wave. 
The family of curves in Fig.2 can also be interpreted as different kinds of shock loads. These loads differ from each 
other by the shock amplitude fall rate, which is characterized, in this case, the time constant of the trailing edge shock 
W. 
As an example, we will construct (see Fig.3) in the vicinity of the resonance frequency a modules family of the 
transfer functions for different values of constant c and for ζ=0,05, k=10 (as in the previous case). 
The family of transfer functions modules for different values of the constant c, which is represented in Fig.3, has a 
high degree of similarity to the nomograms frequency response in Fig.1 
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Fig.1. Nomogram collection frequency characteristics of the mechanical oscillation system in the principal resonance vicinity for 10 values of 
attenuation coefficient 
 
 
Fig.2. Damped cosine wave reference element of Laplace transform with different the values of the constant c 
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Fig.3. The modules family nomogram of the transfer functions for different values of the constant c 
4. Conclusion 
Despite of the apparent similarity, the nomograms frequency response in Fig.1 is fundamentally different from the 
transfer function nomograms in Fig.3 in that in the first case. The only parameter of the nomogram is the attenuation 
factor and the following two parameters: the damping ratio with constant or type of impact (Fig.2). In the present case, 
the difference between types of impact is the different speeds or time constants of the trailing edge shock decay τ. 
Thus it can be argued the fact that the frequency response model does not reflect correctly the object dynamic 
properties. 
It should also be noted that the the lack of mathematical conformity is the essential difference of the amplitude-
phase frequency characteristics (2) from the object transfer function (8). This means that using the object dynamic 
Fourier model (2) and module (5) is impossible to obtain a one-to-one correspondence between the amplitude-time 
response of the object and its amplitude and phase frequency response (2). 
The above mentioned let us do the following conclusion. While solving the project evaluation problem of impact 
resistance and dynamic characteristics of the construction projects safety you cannot use the methods of design 
modeling by Fourier transform. Today the Laplace transform is the only method with mathematical conformability of 
the object original dynamic response in the amplitude-time domain and its mapping in spectral domain.  
References 
[1] O. Zenkevich, The finite element Method in engineering. -M.: MIR, 1975 
[2] V. P. Il'in, V. V. Karpov, A. M. Maslennikov, Numerical methods for solving structural mechanics problems. 
- Minsk.: High school, 1990 
[3] E. Skuchik, Simple and complex vibrating system. - M.: MIR, 1971, p. 188 
[4] Zh. G. Mogiljuk, M. S. Hlystunov, The problem of numerical models conformity of dynamic processes; Proc. 
World Conference "SCIMATH-2014", Elsevier Procedia, Social and Behavioral Sciences; ISBN 1877-0428, 
2212-5671 
678   Valery I. Prokopiev et al. /  Procedia Engineering  111 ( 2015 )  672 – 678 
[5] M. S. Hlystunov, Zh. G. Mogiljuk, Phase distortion in digital systems for monitoring dynamic processes. 
Science review, vol. 7, 2014 , pp. 245-249 
[6] M. S. Hlystunov, S. I. Zavalishin, G. Mogiljuk, Status of program-methodical support dynamic surveys of 
buildings and structures. Science review, Russia, №7, 2014 , pp. 241-245 
[7] M. S. Hlystunov, Zh. G. Mogiljuk, the State of the regulatory framework for conformity finite element 
numerical models in solid mechanics. The Internet Journal Of VSUACE, Russia, 2014. No. 2 (33) 
[8] M. S. Hlystunov, V. V. Poduvalov, Zh.G. Mogilyuk Study of the adequacy of digital technologies for 
monitoring the safety of technosphere. Safety in the technosphere, Russia, No. 2 (March-April) 2014, pp. 14-
17 
[9] M. S. Hlystunov, V. I. Prokopiev, Zh. G. Mogiljuk, the Problem of uncertain data digital monitoring the 
dynamic displacements of buildings and structures. International Journal for Computational Civil and 
Structural Engineering, Volume 10, Issue 2, 2014, pp.105-111 
[10] M. S. Hlystunov, V. I. Prokopiev, J. G. Mogilyuk, Spectral phantoms of digital technologies for monitoring 
and numerical simulation in structural mechanics. International Journal for Computational Civil and 
Structural Engineering, Russia, Volume 10, Issue 2 2014, pp.120-129 
[11] M. S. Hlystunov, S. I. Zavalishin, Zh. G. Mogiljuk, Mathematical problems of conformity digital modeling 
operations. Science review, Russia, №7, 2014 , pp. 48-52 
[12] M. S. Hlystunov, V. V. Poduvalov, Zh. G. Mogiljuk, The accuracy of the vector monitoring dynamic 
processes. Science review, Russia, №7, 2014 , pp. 249-252 
[13] M. S. Hlystunov, Zh. G. Mogiljuk, Investigation of the reliability of dynamic surveys of buildings and 
structures. Scientific and technical Bulletin of the Volga region, Russia, 2014, vol. 5, pp. 269-272 
[14] M. S. Hlystunov, V. V. Poduvalov, Zh. G. Mogiljuk, the Problem of uncertainty in the measurements of 
dynamic vector loads and responses of buildings and structures. The collection of materials of XI all-Russian 
conference-seminar "Engineering and physical problems of new technology" MSTU. N. Uh. Bauman 15 - 17 
April 2014, pp. 166-169 
 
 
 
 
 
 
 
 
 
